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To Whom It May Concern:  

 

It gives me great pleasure to write this letter of recommendation for Dr. Carlos Scheidegger for a faculty 

position in your institution. Carlos is the strongest and most talented student that I have seen in over ten 

years, and one of the most talented researchers that I’ve worked with over the past twenty years. Besides 

being extremely curious and highly creative, he is a natural teacher. I give Carlos my strongest 

recommendation.  

 

I am currently Head of Disciplines of the newly established NYU Center for Urban Science and Progress 

(CUSP) and a Professor of Computer Science and Engineering at the NYU School of Engineering. I also 

hold appointments at Courant and the Center for Data Science. Previously, I was on the faculty at the 

University of Utah, and held positions at industrial and government research labs, notably AT&T, IBM, 

LLNL, and Sandia. My research has focused on data analysis and visualization, and I have published 

extensively in these areas over the last 15 years (over 200 papers).  My h-index is 46 and my work has 

had over 8,500 citations. I am a Fellow of the IEEE. 

 

I served as Carlos’ Ph.D. supervisor from January 2005 to October 2009 at the University of Utah. During 

his time at Utah, Carlos’ performance was outstanding, and he excelled in both research and teaching. On 

the teaching front, already in his first (and only) semester as a TA, Carlos was awarded the School of 

Computing outstanding TA award. Later, he helped me re-design the Scientific Visualization course. 

Carlos gave roughly 1/3 of the lectures, and developed half of the assignments for the Fall 2007 offering 

of the course. The formal class reviews were extremely positive of his performance as an instructor.  One 

of the innovations of the course re-designed was the use of a provenance-based approach to teaching; a 

few years later I wrote a paper on this methodology that won the best paper award at the Eurographics 

(EG) educator program. This work would not have been possible without Carlos’ contribution. 

 

Carlos’ research productivity is impressive. As a PhD student, in the course of four and a half years, he 

published seven IEEE Transactions on Visualization and Computer Graphics (TVCG). On top of that, he 

published many other papers at highly-selective venues including Eurographics, SGP, etc. His papers 
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Who are you and what are you doing with visualization?  
!
Background: Computer scientist/applied math; studied and/or 
worked at Stony Brook, Sandia, LLNL, IBM, AT&T, Utah, 
currently professor at NYU.	


!
Prior Work: Visualization algorithms & representations; 
toolkits & systems (e.g., VisTrails, BirdVis, DEFOG, PedVis, UV-
CDAT, HyperFlow, HAVS); and visualization evaluation 
(correctness & effectiveness).	


!
Current Focus: Urban Data Analysis & Climate Data Analysis	


!
What are you passionate about? 
!
Substantially improve “users” (scientists, for the most part) 
productivity in data-driven discovery by designing tools 
(including software, methods, and new concepts) that help 
them explore and better understand their data. 



What are your current challenges in your work?  
!
• Improve usability of data analysis tools so that they can 

be “used” by scientists; the community has created too 
many tools that only visualization researchers are able to 
use.	


!

• Ensure correctness & effectiveness of techniques and 
implementations; see T. Etiene’s [2013] & E. Anderson’s 
[2012] PhD theses.	


!

• Integrate of visualization techniques with other areas 
needed for analytics, notably data management and 
machine learning.	


!

• Develop sustainable, usable, and open software.	


!



What is on your wish list? 
!
• “Move the needle” on Urban Data Analysis (challenges 

include: spatial-temporal, diverse data sets, different 
scales, dimensionality, etc).	


!

• Enable reproducible data-driven discovery.	


!

• Educate scientists (and also citizens) on the use of data 
analysis and visualization techniques.	


!

• Contribute to open-source, widely-used tools for 
supporting the analytics process.	
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domain expert guided comparison scheme. While those approaches are valuable, the need

for a more systematic evaluation is discussed in several papers [54, 70, 71, 76]. See Pommert

and Höhne [137, 138] for a survey.

Among several aspects to consider in the correctness of volume rendering algorithms, one

of the most important is the approximation of the volume rendering integral. The solution

with linearly interpolated attributes is presented by Williams and Max [188], with further

discussions on its numerical stability by Williams et al. [189]. Interpolant approximations

and errors [37, 114, 115, 128], gradient computation [179] and opacity correction [90] are

also the subject of analysis with regard to numerical accuracy. The idea of pre-integration

enabled high-quality, accurate and e�cient algorithms using graphics hardware [40, 85,

145]. Similarly, VTK currently uses partial pre-integration, in particular for unstructured

grids [119]. Note that although there has been work on high-order and high accuracy volume

rendering, to the best of our knowledge none of these approaches attempted to evaluate the

convergence rate of the standard discretization process of the volume rendering integral,

thus providing weaker mechanism to evaluate whether or not the mathematical foundations

of the algorithms have been implemented in a correct manner.

The use of a verification framework has only recently been discussed in scientific vi-

sualization, despite the vast literature on verification in computer science. Globus and

Uselton [54] first pointed out the need to verify not only visualization algorithms but also

their implementations, and Kirby and Silva suggested a research program around verifica-

tion [76]. The verification of isosurface algorithms is discussed by Etiene et al. [43, 44],

where a systematic evaluation identified and corrected problems in several implementations

Figure 5.1. (a) shows the result of our verification procedure for dataset refinement. The
blue line corresponds to the initial behavior, which deviates from the expected slope (solid
dark line). After fixing the issues, we obtain the orange curve, with a slope closer to the
expected one (denoted by k). (b) and (c) show a human torso, displaying the blood vessels
and the spine, before and after our changes. (d) shows the di↵erence between (b) and (c).

97

Figure 5.8. A CT scan of a carp, rendered with VTK 5.6.1 and Fixed-Point Raycast
Mapper (FP). On the left, we see the artifacts (dark lines) that prevented FP convergence.
On the middle, we see the results after fixing the issues which prevented convergence. The
artifacts are no longer visible. On the right we see the di↵erence image.

The consequence of this deviation is shown in Figure 5.10.

The orange curves in Figures 5.7(d), (e), and (f) show the convergence results for the

RCM module after fixing the issue that prevented code convergence. It consists of changing

the epsilon values used during the computation of the number of steps. Notice that the

behavior is close to the expected one and the errors are very small (10�5). The convergence

curve using pixel size refinement is close to linear for large pixel size but seems to be

converging to some positive value. This might be due to other sources of error which

become dominant after su�cient refinement.

Voreen Our first ray refinement tests did not result in linear convergence for Voreen

(blue line in Figure 5.7(g)) due to the early ray termination (ERT). By simply adapting the

ERT threshold, we were able to obtain the expected convergence for ray refinement (orange

line in the Figure 5.7(g)).

As can be seen in the Figure 5.7(i), the blue curve indicates that increasing the resolution

of the dataset decreases the error. We remind the reader that using our upsampled data, as

described in Section 5.3.2, rendering the same scalar field represented by a di↵erent number

of voxels should not a↵ect the result. For Voreen, the unexpected behavior was caused

by sampling at incorrect texture locations. More specifically, internally, Voreen assumed

that the texture data is node centered when, in fact, OpenGL uses grid centered data. In

this case, both the volume and transfer function values were a↵ected. In OpenGL, the

texture coordinates of a texture of resolution Rm lie in the domain [0, 1]m, where m is the

texture dimension. Since the data values are grid centered, this means that the outer most

data values are located at [ 1

2R

, 1 � 1

2R

] with the settings used in Voreen. We will refer to

the domain in which the data values lie, as the data domain. For volume rendering, the

integration of a ray should be done over the data domain, but for Voreen, the entry and

TOWARDS THE THEORY AND PRACTICE OF

VERIFYING VISUALIZATIONS

by

Tiago Etiene

A thesis submitted to the faculty of
The University of Utah

in partial fulfillment of the requirements for the degree of

Doctor of Philosophy

Computer Science

The University of Utah

February 2013

TOWARDS THE THEORY AND PRACTICE OF

VERIFYING VISUALIZATIONS

by

Tiago Etiene

A thesis submitted to the faculty of
The University of Utah

in partial fulfillment of the requirements for the degree of

Doctor of Philosophy

Computer Science

The University of Utah

February 2013

TOWARDS THE THEORY AND PRACTICE OF

VERIFYING VISUALIZATIONS

by

Tiago Etiene

A thesis submitted to the faculty of
The University of Utah

in partial fulfillment of the requirements for the degree of

Doctor of Philosophy

Computer Science

The University of Utah

February 2013

TOWARDS THE THEORY AND PRACTICE OF

VERIFYING VISUALIZATIONS

by

Tiago Etiene

A thesis submitted to the faculty of
The University of Utah

in partial fulfillment of the requirements for the degree of

Doctor of Philosophy

Computer Science

The University of Utah

February 2013



! !
!

Available for additional information.!
!

Polytechnic School of Engineering 
6 MetroTech Center 
Brooklyn, NY 11201 

P: 718 260 4093   
M: 801 243 8979   
F: 718 260 3136 

csilva@nyu.edu  
engineering.nyu.edu 
 

Claudio Silva, Ph.D. 
Professor 
 

 

 

 

January 21, 2014 

 

To Whom It May Concern:  

 

It gives me great pleasure to write this letter of recommendation for Dr. Carlos Scheidegger for a faculty 

position in your institution. Carlos is the strongest and most talented student that I have seen in over ten 

years, and one of the most talented researchers that I’ve worked with over the past twenty years. Besides 

being extremely curious and highly creative, he is a natural teacher. I give Carlos my strongest 

recommendation.  

 

I am currently Head of Disciplines of the newly established NYU Center for Urban Science and Progress 

(CUSP) and a Professor of Computer Science and Engineering at the NYU School of Engineering. I also 

hold appointments at Courant and the Center for Data Science. Previously, I was on the faculty at the 

University of Utah, and held positions at industrial and government research labs, notably AT&T, IBM, 

LLNL, and Sandia. My research has focused on data analysis and visualization, and I have published 

extensively in these areas over the last 15 years (over 200 papers).  My h-index is 46 and my work has 

had over 8,500 citations. I am a Fellow of the IEEE. 

 

I served as Carlos’ Ph.D. supervisor from January 2005 to October 2009 at the University of Utah. During 

his time at Utah, Carlos’ performance was outstanding, and he excelled in both research and teaching. On 

the teaching front, already in his first (and only) semester as a TA, Carlos was awarded the School of 

Computing outstanding TA award. Later, he helped me re-design the Scientific Visualization course. 

Carlos gave roughly 1/3 of the lectures, and developed half of the assignments for the Fall 2007 offering 

of the course. The formal class reviews were extremely positive of his performance as an instructor.  One 

of the innovations of the course re-designed was the use of a provenance-based approach to teaching; a 

few years later I wrote a paper on this methodology that won the best paper award at the Eurographics 

(EG) educator program. This work would not have been possible without Carlos’ contribution. 

 

Carlos’ research productivity is impressive. As a PhD student, in the course of four and a half years, he 

published seven IEEE Transactions on Visualization and Computer Graphics (TVCG). On top of that, he 

published many other papers at highly-selective venues including Eurographics, SGP, etc. His papers 

8

Packing Experiments for Sharing and Publication

Fernando Chirigati

Polytechnic Institute of NYU

fchirigati@nyu.edu

Dennis Shasha

New York University

shasha@cs.nyu.edu

Juliana Freire

Polytechnic Institute of NYU

juliana.freire@nyu.edu

ABSTRACT
Reproducibility is a core component of the scientific pro-
cess. Revisiting and reusing past results allow science to
move forward – “standing on the shoulders of giants”, as
Newton once said. An impediment to the adoption of com-
putational reproducibility is that authors find it di�cult to
generate a compendium that encompasses all the required
components to correctly reproduce their experiments. Even
when a compendium is available, reviewers and readers may
have di�culties in verifying the results on platforms di↵er-
ent from the ones where the experiments were originally run.
As a step towards simplifying the process of creating repro-
ducible experiments, we have developed ReproZip, a tool
that automatically captures the provenance of experiments
and packs all the necessary files, library dependencies and
variables to reproduce the results. Reviewers can then un-
pack and run the experiments without having to install any
additional software. We will demonstrate real use cases for
ReproZip, how packages are created, and how reviewers can
validate and explore experiments.

Categories and Subject Descriptors
H.2 [Database Management]: Database Applications; H.4
[Information Systems Applications]: Miscellaneous

General Terms
Documentation, Experimentation

Keywords
Computational Reproducibility, Provenance, ReproZip

1. INTRODUCTION
The ability to reproduce and test experiments is critical

in the scientific method [2, 5], both to verify results and to
build on them. In natural science, long tradition requires
experiments to be described in enough detail so that they

Permission to make digital or hard copies of all or part of this work for

personal or classroom use is granted without fee provided that copies are

not made or distributed for profit or commercial advantage and that copies

bear this notice and the full citation on the first page. To copy otherwise, to

republish, to post on servers or to redistribute to lists, requires prior specific

permission and/or a fee.

SIGMOD’13, June 22–27, 2013, New York, New York, USA.

Copyright 2013 ACM 978-1-4503-2037-5/13/06 ...$15.00.

can be reproduced by researchers around the world. This
standard, however, has not been applied to computational
experiments. Researchers often have to rely on tables, plots
and figure captions included in these papers, which loosely
describe the obtained results. Since details of the compu-
tational steps are often omitted, it is di�cult to verify and
reproduce many of the published results [9]. This has led to
a credibility crisis in computational science [3].
To make a computational experiment reproducible, au-

thors need to encapsulate all the necessary components so
that results presented in papers can be verified. A compu-
tational experiment, that has been developed at time t on
hardware/operating system s and data d, is reproducible if
it can be executed at time t0 on system s0 and data d0 that is
similar to (or potentially the same as) d. Such experiments
are the basic building block for reproducible research papers,
which, in addition to text, include data, specification of com-
putational processes, software/code, as well as information
about the environment used to derive the results.
In the scientific community, a number of tools have been

proposed to support the creation of reproducible experi-
ments. Some of these solutions are domain-specific. For
example, GenePattern [6] is a genomic analysis platform,
while Madagascar [10] supports multidimensional data anal-
ysis and is used to analyze seismic data. Scientific workflow
systems, on the other hand, are general and support the
specification of arbitrary computational experiments that
weave together multiple functions and libraries. While these
systems maintain provenance information for workflow ex-
ecutions and data products derived by workflows [1], they
fail to capture information about the environment, includ-
ing software and data dependencies. Thus, even though they
support reproducibility, they do not support portability : a
given workflow may not run in an environment di↵erent from
the one in which it was originally created.
Another class of tools focuses on capturing information

about the computational environment. Examples include
virtual machines and CDE [7]. By creating virtual machine
snapshots, authors can encapsulate all the components of
an experiment. However, such snapshots are often large and
encompass not only the components required to reproduce
the results, but also a plethora of files that are not related to
the experiment. In addition, if authors do not use a virtual
machine from the beginning of a project, they will need to
create a virtual machine and install the experiment and all
dependencies, which can be time consuming. CDE o↵ers a
lighter-weight alternative to virtual machines. It relies on
the ptrace call on Linux to identify only the files required
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Figure 1: Architecture of ReproZip.

for running a particular command, and creates a package
containing these files [7]. This package can then be copied to
di↵erent Linux installations where it can be run within the
CDE environment: CDE dynamically changes the system
calls to point to the correct files included in the package.

This demo presents ReproZip, a general tool that simpli-
fies the process of creating reproducible experiments from
command-line executions, a frequently-used common denom-
inator in computational science. Similar to CDE, ReproZip
tracks operating system calls and creates a package that con-
tains all the binaries, files and dependencies required to run
a given command on the author’s computational environ-
ment E. Unlike CDE, ReproZip also generates a workflow
specification for the experiment, which can be used to help
reviewers to explore and verify the experiment. A reviewer
can extract the files and workflow on another environment
E0 (e.g., the reviewer’s desktop), without interfering with
any program or dependency already installed on E0. The
experiments can then be correctly reproduced and even var-
ied on E0. By using the derived workflow to perform this
exploration, provenance of the review process is automat-
ically captured, and can serve not only to document the
process but also as a means to support communication be-
tween authors and reviewers. Furthermore, users are able to
customize the reproducible package and tune is size by inter-
actively inspecting the experiment trace. Last, but not least,
ReproZip does not add any run-time overhead to executing
a packaged experiment. ReproZip has been developed to
work on Linux distributions, and it has been successfully
tested on Ubuntu and Fedora.

2. REPROZIP IN ACTION
ReproZip works in two stages: packing and unpacking.

Authors use the system to identify the necessary dependen-
cies and to create the reproducible package. The experiment
can then be unpacked in the reviewer’s environment, where
the results are validated and explored.

2.1 Packing Step
The first phase in producing a reproducible experiment

on environment E is to pack it, which is accomplished by
three modules (shown in Figure 1): Provenance Capture,
Provenance Analysis, and Package Generation.

Provenance Capture. To create a reproducible experi-
ment, an author invokes his experiment through
ReproZip. The system uses SystemTap [12] to transpar-
ently capture the provenance of the experiment—it dynami-

cally instruments and traces system calls (execve, open, read,
write, close and pipe, to name a few). Through these sys-
tem calls, it is possible to gather information for each com-
putational process involved in the execution of the experi-
ment, such as command-line arguments, environment vari-
ables, working directory, files read and files written. This
information is then collected and stored in MongoDB [11],
a NoSQL database, where it can be easily accessed and
queried. Our choice of SystemTap and MongoDB was in-
spired by the Burrito System [8], which successfully uses
these tools to capture and store provenance for programs
run on Linux.

Provenance Analysis. ReproZip uses the collected trace
data to identify the components of the experiment. The
Provenance Analysis module accesses the provenance stor-
age and creates a provenance tree of the experiment. Each
node in the tree corresponds to an OS process, and an edge
between a parent and a child node indicates that the parent
process invoked (or spawned) the child process. The root of
the tree represents the main process of the experiment which
is specified by the user when ReproZip is invoked. The tree
is built incrementally: when a process corresponding to a
node n spawns a process n0, a new node is created for n0

and an edge is inserted between n and n0. Each node in the
tree stores provenance data – obtained by the Provenance
Capture module – for the corresponding process.
Once the provenance tree is built, the Resource and De-

pendency Identification sub-module traverses the tree to iden-
tify executable programs, input files, output files and depen-
dencies that should be included in the reproducible package.
We should note that SystemTap captures all dependencies,
some of which may not be necessary. ReproZip outputs a
configuration file that lists all the identified programs, input
files and dependencies, and allows authors to customize the
configuration to exclude a specific file or set of files (e.g.,
using Unix-shell style wildcards). This customization step
is particularly useful to control the size of the package, for
example, by discarding temporary files and omitting large
files that can be obtained elsewhere.

Package Generation. The identified input and output
files are used to derive a specification of the experiment
workflow. The main program of the experiment is wrapped
in a workflow module that automatically takes the command-
line arguments as inputs. By making these arguments ex-
plicit in the workflow specification, reviewers can immedi-
ately see which parameters can be changed. The current
implementation of ReproZip derives workflows that can be

Workflow'
Extension'

Visualiza4on'

Parameter'
Explora4on'

Figure 3: Verifying the topological correctness of a marching cubes algorithm. By using the workflow derived

by ReproZip, the reviewer can extend it to visualize the results derived by the author. The reviewer can also

verify the robustness of the algorithm by exploring di↵erent isosurfaces using the parameter sweep feature

of VisTrails.

4. CONCLUSIONS
The perceived di�culty of packing experiments has dis-

couraged authors from publishing reproducible results. Our
system ReproZip simplifies this task. By combining fea-
tures of scientific workflows and tools that transparently
capture information about software and data dependencies,
ReproZip not only simplifies the process required to create
reproducible experiments, but it also helps reviewers to val-
idate the results and communicate their findings to the au-
thors. While our initial evaluation has shown that ReproZip
is e↵ective for a wide range of experiments in di↵erent do-
mains, there are situations where the tool fails, e.g., when a
given executable uses a hard-coded absolute path, or when
the reviewer does not have an environment that is compat-
ible with that of the author. For these cases, our current
approach is to use ReproZip together with a virtual ma-
chine. We hope that as more authors adopt the practice of
publishing reproducible results, they (as well as tool devel-
opers) will also adopt best practices that are conducive to
reproducibility.
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